Variations in the physical and chemical characteristics of the water in a series of depressions in some Mediterranean salt marshes were studied. The quantity of water entering the system, and the associated energy, seems to be the determining factor in the physical and chemical characterization of the water. The first four axes of the principal components analysis (65.1% of the variance) indicate, with varying time delays, this entry of energy. There is a high degree of subterranean circulation and its importance becomes clear in the level of nutrient accumulation which depends on the capacity of the nutrients to circulate through the aquifer. These basins tend to accumulate phosphorus, which is not able to pass through the sediment and, at the same time, tend to lose nitrogen, whose inorganic forms circulate through the aquifer more freely. This factor, which we have called 'differential confinement', together with denitrification, results in especially low nitrogen/phosphorus ratios. The amount of phosphorus accumulated conditions the degree of eutrophy of the basins. On the other hand, production is related to the external supply of nitrogen which circulates or the ease with which it is lost (by infiltration and denitrification). The alteration of the nitrogen/phosphorus ratio is the main cause of the tendency to eutrophication in these environments when water inputs are regulated.
Introduction
The salt marshes of the Emporda wetlands (Aiguamolls de l'Emporda) are typical Mediterranean coastal marshes, with a hydrology determined by the extremely variable character of the meteorological conditions. The physical and chemical characteristics of the water in these environments fluctuate in an irregular fashion as a consequence of the irregularity of the disturbances. Sudden flooding due to sea storms, intense rainfall or river overflows may occur, as may prolonged periods of hydric stability, when the lagoons become isolated and gradually dry out. This hydric instability causes extreme variation in the physicochemical and species composition of these aquatic ecosystems, both spatially and temporally.
Nevertheless, the hydrology exhibits a seasonal pattern and certain disturbances are usually more frequent in specific seasons of the year. However, this is extremely variable in a Mediterranean system as, with the exception of summer drought, disturbances are unpredictable. The lack of a clear seasonal pattern makes it difficult to study the long-term tendencies in these ecosystems, given that sharp differences between one year and another may obscure a specific interannual tendency. On a much shorter time scale, the general tendency can also be substantially modified after any change, given the stochastic nature of the ecosystem.
The turnover rate of the physical, chemical and biological characteristics of coastal aquatic systems has been amply studied in these and comparable ecosystems (Valiela et al., 1978; Peterson et al., 1985; el Habr and Golterman, 1987; Comin et al., 1991; Lehman, 1992; Comin and Valiela, 1993; Mitsch and Gosselink, 1993) and its influence is shown in very different ways depending on how open the systems are and on whether or not they are principally supplied by groundwater.
The present study focuses on the variation in the composition of nutrients and biomass of the water of a series of small depressions or basins in an area of salt marshes. Two hypotheses are tested, (i) Productive episodes of the planktonic community which colonize these environments are conditioned by irregular pulses of water and nutrients. These contributions affect the physical and chemical composition of the water with different degrees of temporal delay, (ii) Sudden flooding followed by later sudden emptying through infiltration or evaporation, which characterize the hydric regime of these lagoons, cause a differential confinement of the nutrients favouring phosphorus accumulation and nitrogen loss. As a result, nitrogen may become an important limiting factor in the production.
Incidentally, coinciding with this study, the Aiguamolls de l'Emporda Natural Park initiated the regulation of freshwater circulation in order to increase the flooded area. This regulation has substantially altered the physical and chemical composition, as well as the structure and composition of the biological communities which colonize it (Quintana, 1995; Quintana et al., 1998, accompanying paper) . Such alterations are frequent in Mediterranean coastal lagoons where there is regulation of flow (Aguesse and Marazanof, 1965; Miracle, 1984; Amanieu et al., 1989; Lasserre, 1989; Comin et al., 1991; Heurteaux, 1992) .
Area of study
The study was undertaken in a group of temporary ponds in the most coastal area of the Emporda wetlands ( Figure 1 ) from April 1989 until March 1991. These wetlands are made up by a group of coastal lagoons and Mediterranean salt marshes free from tidal influence. The hydrology of the area is typically Mediterranean with sudden and irregular flooding caused by rainfall, inputs from rivers, sea storms, and the subterranean supply of fresh and salt water circulating through the aquifer. Subterranean circulation of fresh and salt water is very active (Quintana, 1995) due to the abundance of sand deposits in the surface aquifer (Bach, 1990) . The absence of direct communication with the sea means that small oscillations in sea level have little influence.
Just one surface freshwater channel from the cultivated plain (Figure 1 ) supplies the lagoon system, before acting as an escape to the sea for excess water. In January 1990, during our period of observation, a sluice gate was installed in this location and with regard to the study we are able to distinguish periods before and after its installation: the first of 8 months (April-December 1989) , and the second of 15 months (January 1990 -March 1991 . The resulting flow regulation has increased the duration and frequency of flooding.
All the lagoons are connected frontally by depressions parallel to the coast, although this area is not always flooded. Changes in level are transmitted to the whole group through these depressions, following the directions indicated in Figure 1 . Most of the lagoons and all of the ponds studied are isolated for most of the year, and are only connected during periods of flooding. During the dry seasons (winter and summer), the water level gradually decreases, mainly due to evaporation and infiltration, and the salinity increases. Their levels are usually very low, especially during the summer when a large number of the depressions dry out completely. During the humid seasons, there are frequent changes in water levels and in the water composition. Sea storms, rain and the entry of fresh water from the rivers often coincide. Four basins running in a line perpendicular to the coast were chosen for this study (Figure 1 ). They are small depressions of the salt marsh located between sand bars where flood water accumulates. Their topographical and morphometric characteristics, following Hutchinson (1957) , are to be found in Quintana (1995) . Their beds are bare and they are isolated from the group of permanent lagoons. The depths vary greatly depending on the flooding regime, but are practically always <1 m. All dry out in the summer and sometimes remain dry even in winter. The surface aquifer underneath the basins has a thickness of ~20 m and is composed of medium and fine sands over which there is a more impermeable thin layer of a mixture of silt and clays. This surface layer is occasionally absent and the level of sand reaches the surface (Bach, 1990) . The percentage of different materials at surface level oscillates between 10 and 85% of sands, 15 and 30% of silts, and 0 and 60% of clays. At depths of between 10 and 60 cm, the proportion of clays is always >90% (Julia et al., 1994) .
The vegetation surrounding the basins is mainly of the Salicornia fruticosa {Puccinellio-Arthrocnemetum fruticosi) community. Other communities are also found, depending on the substrate and height above sea level. Spartino-Juncetum maritimi are found on sandy grounds, and Artemisio-Limonietum virgati or Arthrocnemetum glaucum are found in more saline and clayey parts.
Method
Water samples were taken from central points of each of the basins at periods varying from weekly to monthly, the sampling being intensified for the observation of disturbances. The temperature, electrical conductivity (EC25), pH and water level were measured in situ. Alkalinity was measured after a few hours. Samples were filtered in the field and immediately frozen for later analysis of dissolved inorganic nutrients (NH 4 + , NO 2 ", NO 3 " and soluble reactive orthophosphate). Nutrient analysis followed Strickland and Parsons (1965) .
The nitrogen/phosphorus ratio was calculated from soluble inorganic compounds of nitrogen (DIN) and the soluble reactive phosphate (SRP). To avoid division by zero, undetectable concentrations of SRP are considered as being equal to the minimum level of detection of the analysis method (in our case 0.2 uM).
Chlorophyll a was extracted using 90% methanol as a solvent and samples were immediately submerged in solvent and conserved in a refrigerator. The chlorophyll a was measured after 20-24 h using Tailing and Driver's expressions (1963) .
To approximate the rate of circulation of water through the basins, we have calculated the rate of volume variation per time unit from the volumes measured in each sample, V R (day 1 ):
where V is the average of the volumes measured within the period A/. The value of V R will be positive or negative depending on whether the basin filled or emptied. The use of V R has some disadvantages. Firstly, the velocity at which the basins are filled is typically very high, especially when the entries are sudden, as in the case of storms. In these cases, the frequency with which the sampling has been taken only allows for the average value of V R within the interval Af, which underestimates the true velocity at which the basins are filled. Secondly, the frequency of sampling has not been constant and it is necessary to bear this in mind when comparing the calculated rates at different periods.
V R cannot strictly be considered as a turnover rate, given that it does not measure the volume circulating through the basin (nor the velocity), but rather expresses the balance between inputs and outputs. Therefore, in the case of a considerable volume of water circulating through a basin being equal to the escapes in the interval of time Ar, we will obtain V R = 0 even though the turnover rate is elevated.
All calculations and statistical analyses were carried out using the SPSS statistical package (SPSS Inc., 1988) , in VAX and Macintosh system versions. Variability was analysed through the principal components analysis (PCA), departing from previously standardized variables. This type of analysis is adequate when a linear relationship is to be expected between the correlated variables (Digby and Kempton, 1987; Jongman et al., 1987) .
The PCA guarantees the stochastic independence of the axes which have been obtained. This does not, however, imply the cause-effect independence of phenomena which are described by the main axes. As these different phenomena react to flooding incidents after different time periods, different aspects which are related by cause-effect over a period of time appear to have no relationship when they are measured simultaneously. The multivariate analyses do not reveal temporal correlation, one of the main problems with this type of analysis in a nonequilibrium situation or working with variables which exhibit cyclic behaviour (Margalef, 1972; Jassby and Powell, 1990) . To deal with these cases, it is possible to focus the multivariate analysis from a temporal perspective and seek possible correlations, e.g. by dynamic regression between principal axes obtained in the multivariate approach (Lehman, 1992; Alvarez-Cobelas et al., 1994) .
It is difficult to use this approach in our system because the unpredictability of the disturbances hinders data collection and because it is statistically difficult to estimate the delay. The effect which a disturbance may have depends heavily upon the initial state of the system in the moment of change and the factors affecting the velocity of the reaction. Given the stochastic nature of the system, the scale of the answer can be very different for the same type of disturbance (Margalef, 1991) .
The meteorological data were collected at two stations, el Cortalet and l'Estartit, located on the coast at distances of 2 and 20 km, respectively, from the study area. The topography of the basins studied and the calculations of the volume of water are layed out in Quintana (1995) .
Results

Physical and chemical composition
The level of the basins responds directly to both natural and artificial disturbances ( Figure 2 ). The main disturbances in this period were: (i) four sea storms associated with rainfall; (ii) three events of intense rainfall (between 24.8 and 63.1 mm) which were not associated with sea storms; (iii) the installation of the sluice gate and the initiation of flux regulation in January 1990.
Conductivity fluctuates within a very wide range (6.28-60.30 mS cm" 1 ). Even though each basin has different conductivity levels (Table I) , the pattern of variation is similar in the four basins ( Figure 2 ), and is conditioned by incidents of water entry and their type. Endorheic behaviour, with a significant increase in conductivity when the water level diminishes, has not been observed. Even in periods of apparent hydric stability, the importance of circulation through the bed of these basins, caused by variations in the level of the aquifer with frequent entry of fresh or salt water, has been demonstrated (Quintana, 1995) . The composition of the aquifer varies considerably due to the relative ease with which the water circulates, whether its origin be marine or continental (Bach, 1990) .
After a significant marine intrusion, the alkalinity approaches values of 3 meq I" 1 ( Figure 2 ), which are typical in sea water (Valiela, 1984) . Subsequently, it reaches very high values, sometimes superior to 10 meq I" 1 . Basin 1 always gives the highest values of alkalinity (Table I) , only beaten occasionally by basin 2 after flux regulation began. Table I . Mean and range of variation (in parentheses) of the physical and chemical variables which were studied in various basins (for location, see Figure 1 ). Levels are in m; V R is the rate of variation of volume (day-1 ); temperature is in °C; EC25 is in mS cm" 1 ; alkalinity is in meq I" 1 ; NH»\ NO 2 ", NO-r and SRP are in uM; N/P is the DIN/SRP ratio; chlorophyll a is in ug I" , conductivity (mS cm-') and alkalinity (meq I" 1 ) at each basin. Arrows indicate the main disturbances which occurred during the study period: T, intense sea storm (>1 day with waves >3 m); t, sea storm of lesser intensity (no more than 1 day with waves >3 m); P, intense rainfall with an increase in basin water volume of >50%; p, intense rainfall with an increase in basin volume of <50%; R, beginning of the flux regulation.
The pH is typically slightly alkaline and is similar in all of the basins on any given day, normally oscillating between 7.31 and 8.87, values which are standard in other waters of the peninsular Mediterranean coastline (Lopez and Tomas, 1989) . Very low values, however, were registered (a minimum of 5.42) after a massive entry resulting from an autumn sea storm. The pH follows a similar temporal pattern to alkalinity. In general, any sudden entry of water causes a sudden decrease in the pH, especially when the volume increase is significant, which then gradually increases until reaching values >8.
The concentration of ammonium, nitrite and nitrate was very low in all of the basins during the whole of the sampling period (Figure 3) . Ammonium was the most abundant. The presence of all three compounds increases after a period of massive entry of water, especially in days following storms of great magnitude and occasionally after heavy rainfall where the water level was very low. The fluctuation in ammonium appears slightly later than that of nitrate, and it decreases to undetectable levels more slowly than nitrate. In conditions which are meteorologically stable or without water entry, the nitrate levels are very low (<3 uM). Similar concentrations of nitrate have also been found in other areas of the Emporda wetlands and concentrations of nitrite correspond with those of other similar environments (L6pez and Tomas, 1989) .
The four basins had high concentrations of SRP (Figure 3 ), reaching maximum levels >40 uM. Even though SRP was exhausted in some basins (principally basins 3 and 4) during some periods, it normally maintained a level of >1 uM. There are notable differences between basins (Table I) . Basin 1 had much higher concentrations than the others. Basins 3 and 4 had the lowest levels of phosphorus, and basin 2 has very large fluctuations of level.
The values of the nitrogen/phosphorus ratio (DIN/SRP) are very low (Table  I ), normally <16:1. They generally fluctuate in line with the fluctuations of nitrogen, and tend to increase after each inundation.
The concentration of chlorophyll a varied during the sampling period: from practically undetectable levels (<0.21 ug I" 1 ) to peaks >300 ug I" 1 ( Figure 3) . The most significant peaks of chlorophyll were almost always found in basin 2. In general, greater or lesser increases in chlorophyll concentration were observed in the basins after significant level increases, especially where the levels before the flooding were very low.
Effect of the regulation of fluxes
The ANOVA shows significant differences for most variables between values measured before and after the installation of the sluice gate (Table II) . It should be remembered, however, that the study periods before and after the installation of the sluice gate are not of the same duration (8 and 15 months, respectively), and that the hydric events in these two periods were very different (Figure 2) .
The installation of the sluice gate drastically changed the characteristics of the water, creating higher and more stable minimum levels, with more positive values of V R due to a greater hydration of the aquifer, and reducing conductivity values. The changes were especially noted in basin 2 which is located in the principal channel of water flow, which is deflected by the sluice gate along the salt marsh (see Figure 1 ). The differences between the two periods are particularly notable in those variables related to the trophic condition, such as alkalinity, chlorophyll, pH, as well as nutrient composition (Table II) , in agreement with an increase in eutrophy and a greater activity of organisms. After the installation of the sluice gate, ammonium levels in stable meteorological conditions are clearly higher than previous levels (Figure 3) . SRP concentration tended to increase in basins 1 and 2, and diminish in basins 3 and 4. A general diminishing tendency was noted from 1991. An increase in the DIN/SRP ratio and in chlorophyll concentration can also be observed, the latter being most noticeable in basins 1 and 2 where there were the highest concentrations of soluble phosphorus (Figure 3 ).
Multivariate analysis of physical and chemical variables
In the PCA, the variables related to the quantity of water (water level, V, AV, V R ), temperature, conductivity, pH, alkalinity, and concentration of nutrients (ammonium, nitrite, nitrate and SRP) and of chlorophyll a are used. Four main axes explaining 65.1% of the total variance were obtained. The correlations between these axes and the original variables are set out in Table III .
The first axis (25.8% of the variance) is related to pH, volume and level variables. As such, we can consider the first axis as showing the state of flooding, in which samples taken immediately after an inundation will have very positive coordinates, with high volumes and low pH values. On the other hand, samples taken on relatively stable days (low levels, a tendency to desiccation and alkaline pH) will give negative coordinates. From the physical and chemical perspective, the values of the correlations show that the fall in pH is more relevant than the volume increase after flooding.
The second axis (16% of the variance) is clearly related to water entry and volume increase. The rate of volume variation per time unit (V R ) gives a better correlation than volume increase. We can consider this axis as being conceptually close to the entry of energy into the system, as is discussed later. Nitrate also presents a certain correlation with this axis, increasing when there is an increase in volume and being rapidly consumed when levels decrease.
The third axis (13.7% of the variance) is related to those variables connected with the activity of both autotrophic and heterotrophic organisms. They are, in order of the degree of correlation, [SRP] , [chlorophyll] , temperature and alkalinity. Given that phosphorus is not normally a limiting factor in the production of the Emporda wetlands, as is discussed later, SRP is related to heterotrophic activity and to the consequent resolution of accumulated phosphorus in the sediment in more reducing conditions. Complementarily, the chlorophyll concentration is related to the increase in biomass of autotrophs and the primary production increases the alkalinity. Temperature is also related to the activity of the organism as it affects metabolic rate. The little importance which temperature has over other axes is surprising because it is normally a determining variable in the factorial analysis (Miracle, 1974; Aznar et al., 1991) . In our case, the periods of flooding do not include the summer (the basins are dry), which is when temperatures would reach high levels.
The fourth axis (9.6% of the variance) is related to the three inorganic forms of nitrogen. This axis is possibly related to the fertilization of the system. The correlation is positive for all DIN forms, indicating that most of the variation in Table II . Mean values and range of variation (in parentheses) of the physical and chemical variables which were studied at all of the basins before and after the installation of the sluice gate. Variables, nomenclature and units are as in Table I . The value of P is indicated for those variables which exhibit significant differences (P < 0.05) nitrogen concentration is associated with massive simultaneous pulses of the three forms. The conversion by oxidation/reduction processes between the three forms is irrelevant. The greater correlation of nitrite must be due to its intermediate behaviour with respect to nitrate and ammonium. Nitrate is consumed very quickly and ammonium maintains quite high levels during more days.
Trends in cause-effect relationships
The existence of correlations with temporal delay derived from the cause-effect relationship between the first four axes can be seen graphically. It will be observed that the variations over the study period are given in a chronological order which depends on the velocity of the phenomena which they represent. Consequently, during an inundation, axis 2 is the first to vary (entry of water). Following this, the first axis varies (state of inundation) and this may remain high in the days following the inundation, whilst axis 2 diminishes (loss of water volume, but with high volume). Immediately following this, axis 4 increases (fertilization). The delay of this axis with respect to the others will depend on multiple factors which include the velocities of diffusion, degradation and mineralization of the organic matter, factors which in turn depend on others, such as temperature, the activity of organisms intervening in these first processes, and the structure of the community before the flooding. The last axis to react is axis 3 (the activity of the organisms), not only because it depends on the others, but also because the velocity of the biological processes involved is much slower. The case of basin 4 during the autumn/winter periods of 1989/1990 (Figure 4 ) may serve as an example in which maximum levels were reached following the order: axis 2, axis 1, axis 4, axis 3. Despite this, axis 3 may give variations independently of axes 2,1 and 4. The activity of the organisms is connected to nutrient availabilty and this can be produced in pulse form like those described before, but also through continued entry of nutrients without volume variation. This can be observed in Figure 4 (basin 1 during spring 1991), which corresponds to the period after the sluice gate entered into operation.
Discussion
The inundation seen as an entry of energy
Assuming the delayed relationship between the axes, PCA interpretation, which seemed a priori to be more complex, is simplified. There are two principal causes of variation from the physical and chemical perspective: the entry of energy into the system (encompassed by axes 2, 1 and 4) and the activity of the organisms (axis 3). This interpretation is coherent with what occurs in other shallow waters and coastal environments (Serra et ah, 1984; Grillas, 1990) .
Water entry has diverse effects on the salt marsh ecosystem. Firstly, water flow represents an auxiliary entry of energy (Margalef, 1983) in the form of turbulence or through the transporting of foreign substances and the resuspension of nutrients, which bring with it changes in the salinity and a fertilizing effect. A second effect is related to the increase in the inundated area (of great magnitude in very flat areas) which provokes a dilution of the aquatic community and its populations. The amount of energy entering the system is directly correlated with the proportion of water entering with respect to the existing volume and velocity of flow, which can be estimated by the turnover rate of the water.
The concept of turnover rate is easily applicable to water masses with volumes which vary little, where there are equivalent entries and exits of water. The turnover rate in these conditions is equal to the rate of entry or rate of exit. In the salt marsh system under study, it is not possible to measure the flow because the entry and exit of water in most basins occur through any point of the perimeter at surface level or in a diffuse way through the bed. The rate of volume variation (V R ) has been used in this respect as a measure of the entry of auxiliary energy.
The hydrological regime changed dramatically after the entry into operation of the sluice gate towards conditions of lesser fluctuation in the volume of water of the basins, without massive and sudden increases, and with floodings of longer duration. In these circumstances, V R is inoperative as a measure of water entry as it gives values close to zero even in the case of there being significant water circulation. Nevertheless, the maintenance during a prolonged period of time of V R = 0 is not to be expected without water turnover (the mechanisms of loss through evaporation and filtration act constantly). A value V R = 0 has to be associated, in these conditions, with an entry of energy through the gradual and constant entry of water, agreeing with a press type disturbance.
Nitrogen compounds and fertilization
The peaks in nitrate and ammonium concentration observed after inundations are undoubtedly due to the external inputs proceeding from leaching of the watershed of each basin as in situations of rapid turnover the internal biochemical processes (fixation, regeneration, uptake) are insufficient to alter the concentration of inorganic nitrogen (Smith, 1984) . This inorganic nitrogen is consumed rapidly, especially nitrate, which in a period of a few days returns to typically low levels. It is also probable that the supply of nitrogen is underestimated due to the relatively low sampling frequency during intense disturbances.
The peak of ammonium is more related to the processes of decomposition of organic matter than to a more specific contribution resulting from an inundation. The entry of water is also accompanied by important quantities of organic matter, the decomposition of which principally generates ammonium as an inorganic nitrogenated compound apt for photosynthesis (Gambrel and Patrick, 1978; Golterman, 1993) .
Nitrate is the most stable form of inorganic nitrogen, because of its tendency to oxidation and because of the lower velocity with which it is consumed by photosynthetic organisms (Margalef, 1983) . The appearance of the peak of ammonium after the appearance of nitrate seems to be the result of a frequency of sampling which is too low for the velocity at which these processes take place. After the fertilization resulting from an inundation, the ammonium may be rapidly consumed before it is possible to detect it, whilst the more persistent nitrate is detected as a peak. Additionally, the rate of diffusion of the nitrate from the bed to the water is much higher than that of ammonium (Reddy and Patrick, 1984; Reddy and Graetz, 1988) and this would contribute to increase the concentration of nitrate more quickly.
The nitrate may also be influenced by the low level of mineralization of the organic matter. In conditions of continued and gradual water entry, and if the environment is highly eutrophic (both of these circumstances presented themselves after the entry into operation of the sluice gate), the levels of nitrate can be very low in spite of the continued supply. This may be due to a more rapid consumption because of a greater activity of autotrophic organisms or to a greater conservation tendency of the other forms of inorganic nitrogen, assisted by the more reducing environment of these types of waters. The first days of autumn 1990 may serve as an example; the nitrate concentration only increases in the basins which are less eutrophic (e.g. basin 3) or in those in which there is a sharp increase in level (e.g. basin 4).
Phosphorus and differential confinement
Phosphorus is not a limiting factor of primary production, as can be seen from the low values (normally <16:1) of the DIN/SRP ratio, and from SRP concentration values in relation to other coastal lagoons (Lopez and Tomas, 1989; Comin and Valiela, 1993) .
The reason for the excess of phosphorus in the water of the basins must be sought in the confinement. In normal conditions, the water which enters the basins leaves principally through evaporation and nitration, the intensity of which is very significant, although we are dealing with clayey beds (Quintana, 1995) . Although water circulates easily through the basins, this is not the case for substances transported by it. Whilst inorganic nitrogenous compounds can circulate to a certain degree under ground (Valiela, 1984; Mitsch and Gosselink, 1993) , the phosphorus, organic matter or the organisms themselves are retained in the sediment of basins and can only be eliminated with difficulty if it is not by mineralization or through flaking off by the wind when the sediment dries out. There exists, therefore, a differential confinement of these substances, resulting in a tendency for an accumulation of phosphorus and a decrease in the DIN/SRP ratio. In these conditions, the nitrogen becomes the limiting factor and the SRP increases due to the excess of phosphorus in the system. Water entry, whether it be through surface flooding or through the subterranean, facilitates the resolution (and posterior fixation) of phosphorus and of organic matter accumulated in the sediment. It also supplies nitrogen through surface scouring or from the subterranean aquifer. In anoxic conditions, the degree of eutrophy is considerably increased despite the DIN/SRP ratio tending to decrease due to a higher rate of resolution of the phosphorus.
The importance of the confinement in semi-enclosed coastal environments [paralic environments sensu Guelorget and Perthuisot (1983) ] has been highlighted by Guelorget and Perthuisot (1983) . According to these authors, the composition and productivity of the communities occupying the 'paralic' domain do not depend on salinity, but rather on the degree of confinement of these communities. In this way, the same level of production can be reached both with an excess of concentration, with exhaustion of determined elements in inferior concentrations to those required, and with an excess of dilution, with rapid leaching of these scarce elements. A more dynamic vision of the concept of confinement may also be found in the review by Perez-Ruzafa and Marcos (1993) .
Whilst our results coincide in giving little value to salinity when defining the structure of the community, we can observe certain discordances. Firstly, the vision of Guelorget and Perthuisot (1983) is a static vision of these systems, more related to the spatial distribution of these communities than to the patterns of temporal variation, and the classification of different degrees of confinement which these authors make is based on conditions which are relatively stable. It would be unthinkable to have a vision which was not dynamic in our system where a given point in physical space may move between different values of multivariate space in relatively short time periods. Lastly, what we have called differential confinement probably explains the discordance between our results and the theory proposed by Guelorget and Perthuisot. In our case, the possibility of the retention of nutritive elements, and of organisms themselves, caused by the differential confinement makes the systems (or periods) with rapid circulation much more productive than those in which the rate of water entry is very low or non-existent.
Nutrient dynamics and the hydrological regime
Low values of nitrate coinciding with high concentrations of phosphorus are typical of more eutrophic or hypertrophic coastal lagoons (L6pez and Tomas, 1989) , but they usually coincide with more significant concentrations of ammonium and chlorophyll (Miracle, 1984; Miracle et al., 1987) , so we cannot consider our basins, in these circumstances, to be hypertrophic, but rather as being limited by nitrogen.
Nitrogen acts as a limiting factor of photosynthetic activity, especially for those organisms which cannot obtain atmospheric nitrogen. The preponderance of cyanobacteria of the genus Synechococcus, which can fix atmospheric nitrogen (Mitsui et al., 1986; Phlips et al., 1989) , that has been observed in the composition of the phytoplankton agrees with this (Quintana, 1995) . The excess of phosphorus also favours nitrogen fixers as these organisms are normally not very efficient at capturing phosphorus (Wehr, 1989 (Wehr, , 1991 Stockner, 1991) . The limiting role of nitrogen is frequent in marshes (Gambrell and Patrick, 1978) and especially in salt marshes (Sullivan and Daiber, 1974; Valiela and Teal, 1974) .
Nitrate is highly affected by denitrification processes which are very significant in these types of environments (Kaplan et al., 1979; Whitney et al., 1981; Valiela, 1984) and, despite the confinement, can hardly accumulate. The denitrification affects, in a more or less direct way, all nitrogen forms (Nixon, 1981; Golterman, 1984; Valiela, 1984) and, given this, it is to be expected that none of the nitrogen forms tend to accumulate if the turnover rate is not sufficiently slow as to be able to complete the recycling of the nitrogen (Comin and Valiela, 1993) .
In fluctuating conditions, with periodic and unpredictable floodings, the dynamics of nutrients is principally determined by external supply of nitrogen and by the resolution of the phosphorus accumulated in the sediment through water entry. Nitrogen diminishes after floodings through being consumed by organisms and losses by denitrification and infiltration to the aquifer. Phosphorus accumulates in the sediment with the desiccation of the basins.
With respect to phosphorus, this endorheic behaviour of the basins would suppose a certain relationship between the level of phosphorus accumulation and the edaphic salinity (not that of the free water), which has not been corroborated in this case, but which would explain the relatively low phosphorus level to be found in the basin with the freshest water (basin 4).
The sluice gate substantially changes the dynamic of the nutrients. Changes in the DIN/SRP ratio are provoked by differences in the recycling velocity of these two nutrients (Comin and Valiela, 1993) . Water from the freshwater entry channel (see Figure 1) , which is especially rich in nitrogen, is retained in the salt marsh. A gradual and continued entry of nitrogen is produced in basins with excess phosphorus, provoking a generalized increase in the degree of eutrophy. The differential effect on basins is related to their different levels of phosphorus accumulation. In more eutrophic basins (basins 1 and 2), the nitrogen is not sufficient to exhaust the accumulated phosphorus. The result is a continuous increase in the production caused by the resolution of accumulated phosphorus in the sediment. This is favoured by the more reducing conditions caused by the increase in the heterotrophic activity that will follow an increase in production. In less eutrophic basins (basins 3 and 4), which have less phosphorus, the entry of fresh water causes an increase in production and in the degree of eutrophy, until the phosphorus of the water column is exhausted. Afterwards, during drought periods, the basins lose nitrogen and again accumulate phosphorus.
We see, therefore, that the availability of nitrogen in the system of the salt marsh depends on the rate of entry of external contributions, whilst phosphorus availability depends on the amount historically accumulated. In the moment of flooding, production is determined by the rate of nitrogen entry. If the entry of nitrogen is continual (conditions found with flux regulation), the production has no other limit than the amount of phosphorus which there is accumulated in the basin. If the organisms absorbed all of the SRP, the production would come to depend on the turnover rate and on external phosphorus supply. With the flow regulation, the flooding period can be sufficiently long so as to exhaust the available phosphorus. In these conditions, the limiting nutrient changes from being nitrogen to phosphorus.
Endorheic behaviour with respect to phosphorus implies that its availability, due to accumulation, increases over time. With the flux regulation, the accumulation rate must increase given that basins receive more phosphorus and are dry for shorter periods, allowing less time for the flaking-off process, which must be the main mechanism for the loss of phosphorus, to come into action. It is to be expected that successive periods of prolonged flooding will lead to greater eutrophication.
